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We, Thermal Syndicate Limited, a 
British. Company, of P.O. Box No. 6., Wall- 
send, Northumberland^ do hereby declare the 
invention, for which we pray that a Patent 
may be granted to us, and -the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

It is known that a mass of vitreous silica 
may be formed by applying finely divided 
silica to a body held at such a temperature 
that the silica particles are fused at the sur- 
face of the body. The silica can be in the 
form of grains off quartz sand, crushed quartz 
crystal or particles of chemically prepared 
silica. The heating can be done for example 
by flames, an electric arc or electric resistance 
if the body conducts electricity* 

Furthermore, it is known that a mass cf 
vitreous silica may be formed by vaporising 
a hydrolysable compound of silicon into a 
flame of a hydrogen-containing combustible 
gas and oxygen, so as to form a flame con- 
taining silica vapour and/or finely commi- 
nuted silica, impinging or projecting the flame 
on to a heated body, in such a manner that 
a mass of transparent vitreous silica is built 
up upon the said 'body, the heat for the 
hydrolysis of the silicon compound and fusion 
of the silica being provided by the afore- 
said flame. 

The mass of vitreous silica formed in the 
last mentioned manner can be made almost 
completely free from metallic and other im- 
purities by selection off a suitable hydrolys- 
able silicon compound and die resultant pro- 
duct has much greater transparency to ultra 
violet radiation than vitreous silica made by 
fusing natural raw materials 'such as quartz 
crystal. However, a serious disadvantage cf 
•the material made in this way is that it can 
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contain as much as 0.14% w/w of hydroxyl 
groups, usually referred to as ' Vater" and this 
results in undesirable absorption bands in the 
infra red at 1.4, 2.2 and 2.7 microns wave- 
lengths, rendering the material unsuitable for 
optical use in this part of the spectrum. 

According to one aspect of die present in- 
vention, a method of producing a transparent 
article of vitreous silica comprises the steps 
of forming a high temperature gas stream 
which contains an oxadisable hydrogen-free 
compound of silicon and hydrogen-free 
elemental and/or combined oxygen so that 
the compound of silicon is oxidised to form 
finely comminuted silica or silica vapour, 
impinging the gas stream on to a refractory 
target to deposit thereon a layer of silica which 
is vitrified to a transparent body as fast as 
it is deposited, by heat transfer from the gas 
stream. 

We have discovered that by using an oxidis- 
able compound of silicon free from hydrogen 
and introducing it into a flame free from 
hydrogen, for example an oxy-cyanogen or 65 
an oxy-carbon disulphide flame, it is possible 
to obtain vitreous silica which is substantially 
free from "water" and is thus free from the 
undesirable absorption bands already referred 
to. The product produced by this method is 
thus comparable in this respect with that pro- 
duced entirely by electrical fusion of quartz 
crystal or that obtained by a suitable refining 
treatment of a "water"-containing material. 
Throughout this specification the terms "free 
from hydrogen" or <c hydrogen-free" should be 
understood as including not only free from 
hydrogen gas but also free from hydrogen- 
containing compounds. 

Most hydrogen-tfree combustible gases 
generate, with oxygen, a flame reaction which 
is not sufficiently exothermic t<? njaintain, the 
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conditions required for both the oxidation of 
die silicon compound and the subsequent 
fusion of the siMca produced. Carbon mon- 
oxide is one example of such a combustible 
. 5 gas. Any exothermic shortcoming of a flame 
can, however, be overcome by electric augmen- 
tation y that is the introduction of thermal 
energy -into the flame by the utilisation of 
electrical energy. A first method of electric 

10 augmentation is through the use of a high 
frequency, high energy electrodeless plasma 
torch. A second method of electric augmen- 
tation is through the use Of resistive heating 
df the flame itself by an electric current pass- 

15 ing between two electrodes immersed in the 
flame. The latter method can use electric 
power from tie mains, through a suitable step 
up transformer and control gear, but can also 
be made to function at any (frequency from 

20 zero to many megacycles per second 

According to a further aspect of this inven- 
tion, therefore, a method of producing vitreous 
silica comprises the steps of supplying elec- 
trical energy to a gas stream comprising an 

25 oxidisable hydrogen-free silicon compound 
and oxygen or . oxygen-containing gas free 
from hydrogen to provide a gas stream hav- 
ing a* temperature sufficient to oxidise the 
silicon compound to silica, impinging the gas 

30 stream on to a refractory target to deposit 
thereon a layer of silica which is vitrified to 
a transparent body as fast as it is deposited, 
by heat transfer from die 'gas stream. 

The temperature of the gas stream may 
35 be high enough to form silica vapour or the 
temperature may be sufficient to form finely 
comminuted fused silica particles entrained in 
the stream. 
The refractory target may be a piece of 
4a vitreous silica. 

The gas stream may comprise a combustible 
hydrogen^frae gas so that a proportion of the 
thermal energy required for the method- is 
derived from me exothermic reaction between 
45 the combustible gas and oxygen. The silicon 
compound may fee, for example, suitably puri- 
fied silicon tetrachloride. 

According to a still further aspect of the 
present invention, a method of producing 

50 vitreous silica comprises passing a stream of 
Oxygen or oxygen-oontaim'ng gas free from 
hydrogen through" an induction-coupled plasma 
torch, adding to the stream an oxidisable 
hydrogen-free silicon compound and imping- 

55 ing the gas stream on .to a refractary target to 
deposit thereon a layer of silica which is vitri- 
fied to a transparent body as fast as it is de- 
posited, by heat transfer from the gas steam. 
The silicon compound may be added to the 

60 gas .stream before or after <ihe latter passes 
through tbe plasma -torch. 

The plasma torch may comprise a silica 
burner tube surrounded by an induction coil, 
and the stream of oxygen or oxygen-contain- 



ing gas may be passed with the silicon com- 65 
pound through the tube and thereby subjected 
to the influence of a high frequency electric 
discharge generated along the axis . of the coil. 

By suitably adjusting the frequency and 
power input to the coil, a "flame" tempera- 70 
ture in the plasma leaving the silica- tube may 
be generate!, which is sufficient to oxidise 
the silicon compound to silica and to cause 
die silica formed in this way to be deposited 
almost simultaneously on the refractory target. 75 

Preferably, the gas stream, prior to. the ad- 
dition of the sfficon compound, contains 50 lo 
100% v/v of elemental oxygen. 

lire invention will now be described in 
the following Examples given by way of illus- 80 
tration. 

Example 1 

A stream df gas consisting of 3 parts by 
volume of oxygen and 2 parts by volume of 
•argon is fed into a high frequency induction 85 
plasma torch (schematically shown in the ac- 
companying drawings) via inlets 3 and 4 re- 
spectively the oxygen stream flowing in inlet 
3 having previously been saturated with sili- 
con tetrachloride vapour at room temperature. 90 
The plasma torch comprises a et burner" 1 of 
vitreous silica surrounded by a four-turn coil 
5 fed with 15 "kilowatts of electric power at 
a frequency of 12 megacycles per second. The 
electrical breakdown of the gas stream is 95 
initiated in the known manner and the tip 
of the resulting plasma of 1" diameter main- 
tained 1£" away from a vitreous silica bait 
piece -6 rotating on a support 7 in a container 
8. 100 

Very high purity silica resulting from the 
oxidation of the silicon tetrachloride is de- 
posited as a transparent vitreous mass on the 
bait piece. 

Example 2 105 
A stream of oxygen gas saturated with sili- 
con tetrachloride vapour at room tempera- 
ture is fed into a* high frequency induction 
plaJsma torch. The plasma torch consists df a 
burner of vitreous silica surrounded by a 110 
tightly coupled five-turn coil fed with 24 kilo- 
waitts of electric power at a frequency of 10 
megacycles per second. The electrical break- 
down of the 'gas stream is initiated in the 
Known manner and the tip of the resulting 115 
plasma of 1" diameter is maintained 3 inches 
away from a vitreous silica bait piece. 

Very high purity silica resulting from the 
oxidation of the silicon tetrachloride is de- 
posited on the silica bait piece as a- trans- 120 
parent vitreous mass. 

Example 3 
A stream of oxygen gas partially saturated 
with silicon tetrachloride at room temperature 
is passed at 2.5 cubic metres per hour into a 125 
burner to which is also fed carbon disulphide 



vapour at 1 cubic metre per hour. The bur- 
ner is maintained above die boiling point of 
carbon disulphide in order to prevent conden- 
sation. The flame produced by the ignition of 
5 the gases is sufficiently hot both to oxidise the 
silicon tetrachloride to silica and to fuse the 
resultant silica to a transparent mass when a 
vitreous silica bait piece is placed in the flame. 

Example 4 

10 Two streams of oxygen gas, one saturated 
with silicon tetrachloride at room temperature 
and one passed over heated sodium chloride 
are fed to a vitreous silica burner to which is 
also fed^ carbon monoxide. The flame produced 

15 fcy the ignition df the gases is sufficiently hot 
to oxidise the silicon tetrachloride to silica 
but not to (fuse the produtt into a vitreous 
mass when a silica bait piece is placed in the 
flame. The burner used has two graphite tubes 

20 separated along the length of the flame and 
coaxial with it. When high voltage 50 c/s 
AC is applied between these electrodes current 
flows through the flame and with a dissipa- 
tion of 5 KVA the flame is sufficiency hot to 

25 fuse the silica' produced in the flame to a 
transparent vitreous mass. 

In each of the above Examples care is taken 
to ensure that the gases and the Sid 4 are 
hydrogen free. In particular the gases are 

30 dried by refrigeration to remove all traces r-f 
moisture and the silicon tetrachloride is 
examined for freedom from hydrogen con- 
taining compounds such as trichlorosilane and 
methyl trichlorosilane. 

35 The sodium chloride is required in order 
to increase the conductivity of the flame > but 
the amount of this addition: which appears in 
the silica produced is not sufficient to have 
a deleterious effect on its transmission. 

40 Subsequent fashioning <tf the mass of vit- 
reous silica produced by the method according 
to the invention, and fabrication into useful 
artides are carried out by methods well known 
in the art. 

45 WHAT WE CLAIM IS: — 

1. A method of producing a transparent ar- 
ticle of vitreous silica comprising the steps of 
forming a* high temperature gas shown which 
contains an oxidisable hydrogen-free com- 

50 pound of silicon and hydrogen-free elemental 
and/or combined oxygen so that the com- 
pound of silicon is oxidised to form finely 
comminuted silica or silica vapour, imping- 
ing the gas stream on to a refractory target 

55 to deposit thereon a layer of silica which is 
vitrified to a transparent body as fast as it 
is deposited, by heat transfer from the gas 
stream. 

2. A method as claimed in claim 1, in 



which the high temperature is generated by an 60 
oxy-cyanogen flame. 

3. A method as claimed in daim 1, 'n 
which the high temperature is generated by 
an oxy-carbon disulphide flame. 

4. A method of producing vitreous silica 65 
comprising the steps of supplying electrical 
energy to a gas stream comprising an oxidis- 
able hydrogen-free silicon compound and oxy- 
gen or oxygen-containing gas free from hydro- 
gen, to produce a gas stream having a tern- 70 
perature sufficient to oxidise the silicon com- 
pound to silica^ impinging the gas stream on 

to a refractory target to deposit tihereon a layer 
df silica which is vitrified to a transparent 
tody as 'fast as it is deposited, by heat trans- 75 
for from the gas stream, 

5. A method as claimed in claim 4, in which 
the gas stream is heated by the combustion 
of a constituent hydrogen-free combustible gas 
and oxygen and the thermal energy produced 80 
from the combustion is augmented by passing 

an electric current between two electrodes im- 
mersed in the stream. 

6. A method as claimed in claim 4, in 
which the gas stream is heated by the com- 85 
bustion of a constituent hydrogen-free com- 
bustible gas and oxygen and the thermal 
energy produced from die combustion is aug- 
mented by passing the gas stream through an 
indiiction-coupled plasma torch. 90 

7. A method as claimed tin claim 5 or claim 
6, in which- the combustible gas is carbon 
monoxide. 

8. A ^method of producing vitreous silica 
comprising passing a stream of oxygen or 95 
oxygen-containing gas free from hydrogen 
through an induction-coupled plasma torch, 
adding to the stream an oxidisable hydrogen- 
free silicon compound and impinging the gas 
stream on to a refractory target to deposit 100 
thereon, a layer of silica which is vitrified to 

a transparent body as (fast as it is deposited, by 
heat transfer from the gas stream. 

9. A method as claimed in claim 8, in which 

the silicon compound is added to the gas 105 
stream before the latter has passed through 
the plasma torch. 

10. A method as claimed in claim 8, in 
which the silicon compound is added to the 

gas stream after the latter has passed through 110 
the plasma torch. 

11. A method as claimed in any one of the 
preceding claims, .in which the silicon- com- 
pound is silicon tetrachloride. 

12. A method as claimed in any one erf 115 
claims 8, 9, 10 or 11, in which the gas stream, 
prior to the addition of -die silicon com- 
pound, contains 50 to 100% v/v of elemental 
oxygen. 

13. A method of producing vitreous silica 120 



substantially as described in any of the fore- J. Y. & G. W. JOHNSON, 

going Examples. . ■ / Fumival . H ™ s £ 

14. Transparent articles consisting of 14—18, High Holborn, 

•vitreous silica when produced by the method London,. w.G.1. 

5' claimed in any one of the preceding claims. . Chartered Patent Agents, 

Agents for the Applicants. 
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i cuccT This drawing Is a reproduction of 
the Original on a reduced scale 
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